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ABSTRACT 
Our aim was to evaluate whether postnatal exposure to a glyphosate-based herbicide 
(GBH) modifies mammary gland development in pre- and post-pubertal male rats. From 
postnatal day 1 (PND1) to PND7, male rats were injected subcutaneously every 48 h 
with either saline solution (vehicle) or 2 mg GBH/kg·bw. On PND21 and PND60, 
mammary gland and blood samples were collected. Estradiol (E2) and testosterone (T) 
serum levels, mammary gland histology, collagen fiber organization, mast cell 
infiltration, proliferation index, and estrogen (ESR1) and androgen receptor (AR) 
expression levels were evaluated. At PND21, GBH-exposed male rats exhibited greater 
development of the mammary gland with increased stromal collagen organization and 
terminal end buds (TEBs) compared to control rats. At PND60, the number of TEBs 
remained high and was accompanied by an increase in mast cell infiltration, 
proliferation and ESR1 expression in GBH-exposed male rats. In contrast, no effects 
were observed in E2 and T serum levels and AR expression in both days studied. Our 
results showed that a postnatal subacute treatment with GBH induces endocrine-
disrupting effects in the male mammary gland in vivo, altering its normal development.  
 
KEY WORDS:  
Male rats; mammary gland; mast cells; glyphosate-based herbicide, estrogen receptor 
 
Abbreviations: AR: androgen receptor; GBH: glyphosate-based herbicide; ESR1: 
estrogen receptor alpha; E2: estradiol; IOD: integrated optical density; LN: lymph node; 
P&H: picrosirius-hematoxylin; PND: postnatal day; TEBs: terminal end buds; T: 
testosterone 
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1. Introduction 
Glyphosate (N-phosphonomethyl glycine) is an active ingredient in many commercially 
available broad-spectrum herbicides. Over the past decades, glyphosate-based herbicide 
(GBH) use has diversified and expanded significantly. Benbrook (2016) reported that 
the application of these herbicides increased ~ 100-fold worldwide from 1974 to 2014. 
In Argentina, increasing use of these chemicals has been associated with agricultural 
expansion due to the ongoing adoption of glyphosate tolerant genetically modified 
soybeans (CASAFE, 2012). In recent years, glyphosate and its major metabolite, 
aminomethylphosphonic acid (AMPA), have been detected in surface water, sediments 
and soil that surround horticultural production areas of different regions of Argentina 
(Aparicio et al., 2013; Bonansea et al., 2017; Lupi et al., 2015; Mac Loughlin et al., 
2017; Primost et al., 2017; Ronco et al., 2016). These pesticide residues have also been 
detected in foodstuff (EFSA, 2017) and human urine (Connolly et al., 2017; Goen et al., 
2017; Mills et al., 2017; Parvez et al., 2018) and serum samples (Kongtip et al., 2017). 
In addition, it has been demonstrated in rats that exposure to a mixture containing 
glyphosate is able to induce hepatoxicity (Docea et al., 2018) and that low doses of 
GBH provokes kidney and especially liver oxidative damage and non-alcoholic fatty 
liver disease (Mesnage et al., 2015a; Mesnage et al., 2017b). These findings suggest that 
there is a risk of environmental exposure to GBH and raise concern of its possible 
effects on the environment and human health.  
 
Several studies have reported the adverse effects of GBH exposure on both female and 
male reproductive systems at low and environmentally relevant doses (Cai et al., 2017; 
Guerrero Schimpf et al., 2017; Ingaramo et al., 2017; Ingaramo et al., 2016; Nardi et al., 
2017; Varayoud et al., 2017). In male rats, glyphosate exposure modifies testicular 
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function and morphology, decreases testosterone serum levels, increases aromatase 
expression level, and alters sperm production, suggesting that GBH could act as an 
endocrine disruptor in vivo (Cassault-Meyer et al., 2014; Dallegrave et al., 2007; 
Owagboriaye et al., 2017; Romano et al., 2010). In addition, glyphosate was shown to 
reduce aromatase enzyme activity in human placental cells (Richard et al., 2005) and 
induce human breast cancer cell proliferation by directly activating the estrogen 
receptor alpha (ESR1) in vitro (Thongprakaisang et al., 2013). In contrast, Mesnage et 
al. (2017a) showed that glyphosate activates ESR1 through a ligand-independent 
mechanism in hormone-dependent human cancer cells. Therefore, the estrogenic 
potential effect of glyphosate remains under investigation. In general, new 
epidemiological and toxicological studies as well as human biomonitoring are urgently 
needed to determinate whether GBH could be considered an endocrine disruptor and to 
improve safety standard (Myers et al., 2016; Vandenberg et al., 2017). 
 
Given the effects on male reproductive organs and the suggested estrogenic properties 
of this compound, male mammary gland development could also be affected. The male 
mammary gland of rats has been used by several researchers as a useful model to study 
the effects of potential endocrine disruptors that may affect the risk of breast cancer in 
humans (Filgo et al., 2016; Mandrup et al., 2016; Mandrup et al., 2015). Recently, we 
showed that prenatal exposure to the endocrine disruptor bisphenol A induces a growth 
delay and decreases the expression of androgen receptor (AR) in the pre-pubertal male 
rat mammary gland (Kass et al., 2015) and that early postnatal exposure to endosulfan 
induces premalignant lesions in the mammary gland of post-pubertal male rats 
(Altamirano et al., 2017). There is evidence that chronic exposure to GBH increases 
mammary tumor incidence in adults rats (Seralini et al., 2014). However, to date, the 
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effects of postnatal GBH exposure on the male mammary gland in vivo remain mostly 
unknown. Therefore, the aim of the present study was to evaluate whether early 
postnatal exposure to GBH affects mammary gland growth and development in pre- and 
post-pubertal male rats. 
 
2 Materials and methods 
2.1 Animals  
Sexually mature female rats (90 days old) of a Wistar-derived strain bred at the 
Department of Human Physiology (Facultad de Bioquímica y Ciencias Biológicas, 
Universidad Nacional del Litoral (UNL), Santa Fe, Argentina) were used. The animals 
were maintained in a controlled environment (22 ± 2°C; 14 h of light) and had free 
access to pellet laboratory chow (16-014007 Rat-Mouse diet, Nutrición Animal, Santa 
Fe, Argentina). All the experimental protocols were approved by the Ethical Committee 
of the Facultad de Bioquímica y Ciencias Biológicas, UNL. Animals were treated 
humanely and with regard for alleviation of suffering.  
 
2.2 Experimental procedures  
Females in proestrus were caged overnight with males of proven fertility. The day on 
which the sperm was found in the vagina was designated day 1 of gestation. The mating 
pairs were then separated, and the pregnant female rats were housed individually in 
stainless steel cages. After delivery (PND0), the pups were weighed and sexed 
according to the anogenital distance, and the litter size was adjusted to eight pups (four 
males and four females) per mother. Male pups from each mother were assigned to two 
neonatal treatment groups (8-10 pups/group/postnatal day): a) the control group that 
received a saline solution and b) the GBH group that received a commercial formulation 
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of glyphosate dissolved in saline solution at 2 mg/kg·bw. The composition of the 
glyphosate commercial formulation used (Roundup FULL II®) is a liquid water-soluble 
preparation containing glyphosate potassium salt, as its active ingredient, adjuvants and 
inert ingredients. According to the manufacture, the amount of equivalent glyphosate 
acid was 54 %. The dose of 2 mg/kg was calculated based on this data (54 g of 
glyphosate per 100 ml of GBH) and the average body weight of the pups on each 
treatment day. Therefore, according to the weight (i.e.: 6–7 g per pup on PND1), male 
offspring were subcutaneously injected every 48 h from PND1 to PND7 with an 
herbicide solution containing approximately 0.013 mg of glyphosate per injection 
(Ingaramo et al., 2017). For this experiment, the dose of GBH was selected based on 
previous reports (Guerrero Schimpf et al., 2017; Ingaramo et al., 2017) that used the 
reference dose (RfD) for glyphosate proposed by the U.S. Environmental Protection 
Agency (U.S. EPA, 1993). Although the RfD for glyphosate was based on oral 
exposure, the subcutaneous via is the unique administration route that warrants the 
whole incorporation of a chemical compound when an early postnatal exposure model is 
used (Guerrero Schimpf et al., 2017).  
 
Male rats were sacrificed at pre-puberty (PND21) and post-puberty (PND60), and both 
blood and mammary gland samples were obtained. From the blood collected by 
decapitation, serum samples were obtained and stored at -80°C until estradiol (E2) and 
testosterone (T) levels were quantified by chemiluminescence on both days studied. One 
abdominal-inguinal mammary gland chain was randomly chosen to be processed for 
whole-mount evaluation, and the contralateral gland was fixed in 10% (v/v) buffered 
formalin for 6 h at room temperature and embedded in paraffin for histological 
examination and immunohistochemistry assays (Kass et al., 2015). 
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2.3 E2 and T levels serum levels 
The E2 and T levels were determined by chemiluminescence assays using an 
Immulite® 2000 system (Siemens Healthcare SA, Argentina), following the 
manufacturer’s specifications. The assays had a detection limit of 15 pg/ml for E2 and 
of 0.15 ng/ml for T. The intra-assay coefficient of variation for E2 was 6.7%, whereas 
that for T was 10.1% (Altamirano et al., 2017). 
 
2.4 Mammary gland whole-mount evaluation 
As previously described (Altamirano et al., 2017), images of mammary gland whole-
mounts from PND21 were recorded using a Spot Insight V3.5 color video camera 
attached to a Stemi 305 stereomicroscope (ZEISS, Argentina), whereas those from 
PND60 were recorded using a Sony Alpha a58 DSLR Camera (Sony Latin America, 
Inc.). All images were analyzed with ImageJ software (NIH, USA; 
https://imagej.nih.gov/ij). The unequal illumination (shading correction) was corrected, 
and the measurement system was calibrated with a reference slide. All evaluations were 
carried out blinded to the treatment group on mammary gland N°4. Different mammary 
gland parameters, including total area, perimeter, distance between mammary glands 
N°4 and 5, longitudinal growth and number of terminal end buds (TEBs), were analyzed 
on mammary gland whole-mount images (Altamirano et al., 2017; Kass et al., 2015). 
 
2.5 Histological analysis and collagen organization 
For histological examination, paraffin sections (5 µm) of mammary gland samples 
collected on PND21 and PND60 were cut and stained with Sirius Red (Direct Red 80, 
Sigma-Aldrich, Argentina) in picric acid solution (picrosirius) counterstained with 
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Harris hematoxylin (Kass et al., 2001). The development of ducts and the lobuloalveolar 
structure as well as collagen organization were evaluated using Olympus BH2 light 
microscopy (Olympus Optical Co., Ltd., Japan). 
  
For analysis of the organization of the collagen fibers in the mammary gland stroma, the 
collagen birefringence of picrosirius-stained samples was quantified by polarization 
microscopy (Montes, 1996). For each animal, 10 images were captured, digitized and 
analyzed. The stromal area occupied by organized collagen was measured as integrated 
optical density (IOD) by using the Image-Pro-Plus 4.1.0.1® system (Media Cybernetics, 
Silver Spring, USA). The digitized images were converted to gray scale, and the IOD 
was calculated as a linear combination of the average gray intensity and the relative area 
occupied by the stromal area. The results are expressed in arbitrary units (Altamirano et 
al., 2017; Kass et al., 2001). 
 
2.6 Cell proliferation, steroid receptor expression and mast cell infiltration 
Consecutive 5 µm sections were immunoassayed to evaluate the proliferative index 
(Ki67) and the expression of AR and ESR1 on PND21 and PND60. Sections from two 
different depths were used to evaluate the expression of each protein. 
Immunoperoxidase staining was performed as previously described (Kass et al., 2015). 
In addition, for identification of mast cells, rat mast cell proteinase-I (RMCP-I) was 
detected in mammary gland sections on PND60. Immunostaining was performed with 
the immunoperoxidase technique after periodic acid and sodium borohydrate incubation 
to block endogenous peroxidase activity (Varayoud et al., 2004). Sections were 
incubated overnight at 4°C with primary antibodies against Ki67 (Dako, Glostrup, 
Denmark), AR (N-20, Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA), ESR1 
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(clone 6-F11, Novocastra Laboratories Ltd., UK) and RMCP-I (Moredun Scientific 
Ltd., Edinburgh, Scotland). Anti-rabbit (Zymed Laboratories Inc., USA) or anti-mouse 
(Instituto de Salud y Ambiente del Litoral, Santa Fe, Argentina) secondary antibodies 
(biotin-conjugated) were used, and reactions were developed using an avidin-biotin 
peroxidase method with diaminobenzidine (Sigma-Aldrich) as a chromogen substrate. 
Each run included negative controls in which the primary antibody was replaced with 
non-immune mouse or rabbit serum (Sigma-Aldrich).  
 
The percentages of Ki67, AR and ESR1 expression in the mammary epithelial cells 
were quantified in two different tissue sections per animal, and at least 2000 cells per 
tissue section were analyzed. The volume fraction (Vv) of mast cells in mammary tissue 
was determined using the point counting procedure with an Olympus BH2 microscope 
(Olympus Optical Co., Ltd., Tokyo, Japan) and a Dplan 40X objective (Olympus) 
(Luque et al., 1996). Briefly, a square grid inserted in a focusing eyepiece was used, and 
the volume fraction ratio was defined as the number of incident points in the studied cell 
(mast cell) divided by the total number of incident points in the volume unit (whole 
mammary gland section) (Durando et al., 2007). 
 
2.7 Statistical analysis  
All data are expressed as the mean ± SEM. An exploratory analysis was first conducted 
to confirm the normal distribution of the data (Shapiro–Wilk test) and variance 
homogeneity (Levene's test). For determination of whether a change in body weight 
affected the whole-mount parameters, multiple lineal regression (whole-mount 
parameter ~ treatment + body weight) analyses were performed with each of the 
parameters evaluated as a dependent variable and the treatment and body weight as 
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independent variables. After discarding the effect of body weight, the evaluation of 
mammary whole-mount parameters was analyzed using the t test to compare the 
experimental and control groups. The variables that did not show a normal distribution 
were analyzed by the Mann-Whitney U test. All analyses were carried out using R 
software (The R Foundation for Statistical Computing http://www.r-project.org/). 
Values with p<0.05 were considered significant. 
 
3. Results 
No signs of acute or chronic toxicity were observed in the litters, and no differences 
were found in the weight gain between treated and control pups during the treatment 
(PND1-PND7). At PND21, the pup body weight was similar between the experimental 
groups (Control: 34.39±0.96 g vs GBH: 35.85±0.78 g), whereas in post-pubertal 
(PND60) male rats exposed to GBH, a significant increase in the body weight was 
observed (Control: 218.10±3.82 g vs GBH: 230.70±2.98 g; p<0.05).  
 
3.1 Mammary gland growth of pre-pubertal male rats.  
To assess whether mammary growth was affected by postnatal exposure to GBH in pre-
pubertal male rats, we analyzed mammary whole-mount parameters and performed a 
histological examination at PND21. Representative images are shown in Fig. 1. 
Postnatal subacute exposure to GBH increased the total area, perimeter and number of 
TEBs in pre-pubertal GBH-exposed rats compared to control rats (Table 1, p<0.05). In 
contrast, the distance between mammary gland N°4 and 5 was similar between the 
groups.  
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Although postnatal subacute exposure to GBH affected the mammary growth, no 
differences were found in the histological examination of mammary epithelial structures 
in pre-pubertal male rats. In both experimental groups, the ducts were characterized by a 
single or double layer of epithelial cells surrounded by connective tissue stroma and 
embedded in a developed adipose tissue with low intracellular lipid content (Fig. 1). 
Nevertheless, pre-pubertal GBH-exposed rats showed a higher collagen birefringence 
level than control rats (Control: 0.015±0.002 IOD vs GBH: 0.021±0.003 IOD; p<0.05), 
indicating a more organized collagen fiber. 
 
3.2 Mammary gland development in post-pubertal male rats.  
Given the mammary histoarchitecture alterations observed in pre-pubertal male rats 
after postnatal GBH exposure, the mammary gland development was also analyzed in 
post-pubertal male rats. Representative images of mammary whole-mount samples and 
histological characterization are shown in Fig. 2. First, considering the small statistically 
significant increase in body weight in the GBH-exposed post-pubertal rats, multiple 
linear regression analysis was performed to evaluate the effect of this change on each of 
the whole-mount parameters. Based on this analysis, this increase in the body weight 
had no effect on the whole-mount parameters analyzed at PND60 (data not shown). 
Mammary glands of GBH-exposed male rats exhibited augmented longitudinal ductal 
growth and an increased number of TEBs compared with those of control rats at PND60 
(Table 1; p<0.05). However, mammary total area and perimeter did not show significant 
differences between the experimental groups. Additionally, the mammary histological 
analysis showed that the lumen of both ducts and lobuloalveolar structures was less 
dilated in post-pubertal GBH-exposed rats than control ones (Fig. 2). Furthermore, 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
12 
 
collagen birefringence was similar between the experimental groups (Control: 
0.17±0.03 IOD vs GBH: 0.17±0.02 IOD). 
 
3.3 Endocrine environment and mammary gland cellular markers in pre- and 
post-pubertal male rats 
To evaluate whether postnatal subacute exposure to GBH induced changes in 
proliferation and the mammary gland endocrine environment that could be associated 
with the previously observed morphological alterations in pre- and post-pubertal male 
mammary glands, we assessed T and E2 serum levels as well as Ki67, ESR1 and AR 
protein expression. No differences among treatments were observed in either T or E2 
serum levels at both PNDs analyzed (Table 2). As expected, post-pubertal male rats 
showed higher serum levels of T and E2 than pre-pubertal rats. 
 
The percentages of epithelial cells that expressed Ki67, ESR1 and AR in the male 
mammary gland are shown in Fig. 3. At PND21, the proliferation index as well as ESR1 
and AR expression did not differ significantly between GBH-exposed and control rats. 
In contrast, at PND60, GBH almost doubled the proliferation index and ESR1 
expression compared to those of the control rats (p<0.05), whereas AR expression was 
similar between the groups. 
 
3.4 Evaluation of mast cells in the mammary gland of post-pubertal male rats. 
Considering that postnatal subacute exposure to GBH increased the number of TEBs 
and the proliferation index in the mammary gland at PND60, mast cell infiltration was 
quantified in the mammary gland of post-pubertal male rats. Postnatal subacute 
exposure to GBH also induced a higher number of mast cells in the stroma that 
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surrounded both ducts and lobuloalveolar structures compared with those of control rats 
at this age (Fig. 4; p<0.05). 
 
4. Discussion 
In recent years, the effects of endocrine-disrupting chemicals on the development of the 
male mammary gland of rodents has received increased attention due to its sensitive 
response to estrogenic and/or androgenic compounds (Altamirano et al., 2017; Filgo et 
al., 2016; Kass et al., 2015; Kolla et al., 2017; Mandrup et al., 2015; Vandenberg et al., 
2013). In the current study, postnatal subacute exposure of male rats to GBH during a 
critical period of development resulted in alterations in the growth and development of 
the mammary gland in pre- and post-pubertal rats without systemic toxicity. At PND21, 
GBH-exposed rats exhibited greater development of the male mammary gland and an 
increased number of TEBs compared to control rats. After puberty, the number of TEBs 
remained high and was accompanied by changes in the proliferation index and ESR1 
expression in GBH-exposed male rats. Interestingly, high infiltration of mast cells was 
induced by postnatal exposure to GBH at PND60. 
 
Notwithstanding the sexual dimorphism that exists in terms of mammary growth, there 
is evidence that mammary gland development is similar between female and male rats 
before puberty (Cardy, 1991; Filgo et al., 2016). Mammary gland development is 
characterized principally by a tubular epithelial pattern, and the presence of TEBs is 
observed in both male and female rats until puberty (Filgo et al., 2016). Exposure to 
endocrine disruptors during certain stages of development has been shown to cause 
abnormal mammary development in pre-pubertal male rats (Altamirano et al., 2017; 
Filgo et al., 2016; Kass et al., 2015). Our results showed that early postnatal exposure to 
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GBH could accelerate the mammary growth of pre-pubertal male rats. This was shown 
by an increment of the mammary total area and perimeter in GBH-exposed rats at 
PND21. Considering that TEBs are highly proliferative terminal ductal structures and 
primarily responsible for epithelial extension through the fat pad (Filgo et al., 2016; 
Paine and Lewis, 2017), the increased number of TEBs found in GBH-exposed rats 
could explain the greater development of the male mammary gland at this stage. 
Postnatal exposure to E2 increases the number of TEBs together with an increment in 
cell proliferation and alterations of T levels and ESR1 expression in male rats at puberty 
(Miousse et al., 2013). In our study, despite the high number of TEBs observed, the 
proliferation index and steroid hormone receptor expression as well as T and E2 serum 
levels were not affected by GBH exposure in pre-pubertal male rats.  
 
Several researchers have demonstrated that a stiffer extracellular matrix due to an 
increase in collagen density influences epithelial cell proliferation and promotes 
initiation and progression of breast cancer in animal studies (Levental et al., 2009; 
Provenzano et al., 2008). In this regard, we showed that the exposure to endosulfan 
during the first week of age induces an increment of stromal collagen deposition that is 
associated with a higher incidence of hyperplastic mammary lesions (Altamirano et al., 
2017). In the present study, the observed increment in collagen birefringence could be 
allowing the deregulation of proliferative structures in the male mammary gland, 
increasing the number of TEBs in pre-pubertal GBH-exposed animals.  
 
As puberty progresses in the rat, the mammary ductal growth occurs exponentially at 
the same time that the TEBs begin to differentiate into terminal ends and the alveolar 
buds within mammary gland become mature structures, demonstrating dense branching 
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density (Filgo et al., 2016; Masso-Welch et al., 2000). In addition, the sexually mature 
control male mammary gland presents a permanent lobuloalveolar structure with an 
indistinct alveolar lumen that sometimes contains small amounts of secretory material, 
and the ducts have a pseudostratified or striated epithelium (Cardy, 1991; Filgo et al., 
2016; Rudmann et al., 2005). Our results showed that although similar epithelial 
structures were found in both experimental groups, male rats exposed to GBH presented 
less dilated alveoli and ducts than control rats at PND60. The implication of this finding 
is unknown but could be the consequence of a more proliferative structure in the post-
pubertal stage. 
 
In vitro, the exposure to glyphosate induces an increment in mammary cell proliferation 
and ESR1 activation and/or ESR1 expression (Mesnage et al., 2017a; Thongprakaisang 
et al., 2013). In this in vivo experiment, we analyzed different markers of reproductive 
effect in the mammary gland and showed that the proliferation index and ESR1 
expression were augmented by postnatal subacute exposure to GBH in post-pubertal 
male rats, whereas AR expression as well as T and E2 serum levels were similar 
between the groups. Given that estrogens through their receptors promote mammary 
gland proliferation and ductal elongation (Fendrick et al., 1998), these findings could 
explain the increase in the longitudinal ductal growth and the high number of TEBs that 
remained in GBH-exposed male rats at PND60. Despite similar E2 and T serum levels 
between groups, the increased proliferation index observed in GBH-exposed rat could 
be the result of the activation of ESR1 through a ligand independent manner as was 
described by Mesnage et al. (2017a). In addition, it has been reported that glyphosate 
alone may induce DNA methylation in human cells (Kwiatkowska et al., 2017). In our 
study, epigenetic modifications of ESR1, induced by GBH exposure, could be 
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responsible for the increased expression of this receptor without changes in E2 serum 
levels, like is shown for endosulfan in the uterus (Milesi et al., 2015; Milesi et al., 
2017).  
 
Interestingly, mast cell infiltration was also increased in the stroma that surrounded the 
epithelial structures in post-pubertal GBH-exposed rats. Lilla and Werb (2010) have 
shown that mast cells are present throughout normal postnatal mammary development 
and regulate TEBs and duct cell proliferation during puberty, mostly through mast cell-
released factors. Therefore, the increase in mast cells could contribute to TEB 
maintenance and duct elongation in the male mammary gland of GBH-exposed rats. 
The TEB structure is highly susceptible to an oncogenic insult (Paine and Lewis, 2017), 
and increased mast cell infiltration could heighten the risk of malignant transformation 
of these structures, considering that they have been linked to intraductal proliferation 
that could progress to carcinoma (Russo and Russo, 1996). The release of histamine 
after mast cell degranulation could be the link between mast cell infiltration and 
intraductal proliferation because it has been shown that histamine promotes tumor cell 
proliferation and mammary carcinoma growth (Aponte-Lopez et al., 2018). In GBH-
exposed males, the number of mast cells in the post-pubertal mammary gland was 
doubled as compared to non-exposed animals. Similar results were observed after in 
utero exposure to the xenoestrogen bisphenol A; however, in this case the increase in 
mast cell infiltration occurs in the female rat mammary gland stroma that were spatially 
associated with hyperplastic ducts (Durando et al., 2007).  
 
Despite having no effect on mammary gland growth, another interesting result obtained 
in our study was the increase in body weight in post-pubertal male rats following GBH 
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treatment. Such an increase in body weight was not observed in pre- and post-pubertal 
female GBH-exposed rats in experiments using the same dose and window of exposure 
as the one in our experiment (Guerrero Schimpf et al., 2017; Ingaramo et al., 2016), 
suggesting that this effect could be gender-specific. Exposure to some endocrine-
disrupting chemicals, termed “obesogens”, during pregnancy and/or lactation can cause 
weight gain later in life by altering lipid homeostasis to promote adipogenesis and lipid 
accumulation (Darbre, 2017). Further studies are needed to determinate whether early 
postnatal GBH exposure affects lipid homeostasis in post-pubertal male rats. 
 
Taken together, our results show that exposure to GBH during the first week of life has 
an endocrine disruption effect in the male mammary gland in vivo, inducing the 
accelerated development of the mammary gland tree in pre-pubertal rats and the 
persistence of highly proliferative structures in post-pubertal animals together with high 
ESR1 expression. It should be noted that all these observed effects were due to the 
exposure to the complex mixture of the active principle (glyphosate) accompanied by 
several adjuvants. It is known that GBH-commercial formulations are more potent, or 
toxic, than glyphosate alone to non-target organism including mammals (Mesnage and 
Antoniou, 2018; Mesnage et al., 2013; Mesnage et al., 2015b; Myers et al., 2016). 
Additional studies are needed to demonstrate whether these effects on male mammary 
gland development are caused by glyphosate alone or its combination with adjuvants.    
 
Declaration of interest  
The authors declare that there are no conflicts of interest that could be perceived as 
prejudicing the impartiality of the research reported. 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
18 
 
Funding  
This work was supported by grants from the Universidad Nacional del Litoral (CAI+D 
program) and the Agencia Nacional de Promoción Científica y Tecnológica (ANPCyT). 
These funding sources were not involved in the study design, the collection, analysis or 
interpretation of the data, the writing of the report, or the decision to submit the article 
for publication.  
 
Acknowledgments 
We would like to thank Dr. Pablo M. Beldomenico (Laboratorio de Ecología de 
Enfermedades, Instituto de Ciencias Veterinarias del Litoral (ICiVet-Litoral), UNL-
CONICET) for advice on statistics and Juan Grant and Laura Bergero (ISAL; UNL-
CONICET) for technical assistance and animal care. G.A.A. and A.L.G. are fellows and 
L.K., P.I., V.L.B. and E.H.L. are Career Investigators of CONICET. 
 
5. References 
Altamirano, G.A., Delconte, M.B., Gomez, A.L., Alarcon, R., Bosquiazzo, V.L., Luque, 
E.H., Muñoz-de-Toro, M., Kass, L., 2017. Early postnatal exposure to endosulfan 
interferes with the normal development of the male rat mammary gland. Toxicol Lett 
281, 102-109. 
Aparicio, V.C., De Geronimo, E., Marino, D., Primost, J., Carriquiriborde, P., Costa, 
J.L., 2013. Environmental fate of glyphosate and aminomethylphosphonic acid in 
surface waters and soil of agricultural basins. Chemosphere 93, 1866-1873. 
Aponte-Lopez, A., Fuentes-Panana, E.M., Cortes-Munoz, D., Munoz-Cruz, S., 2018. 
Mast Cell, the Neglected Member of the Tumor Microenvironment: Role in Breast 
Cancer. J Immunol Res 2018, 2584243. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
19 
 
Benbrook, C.M., 2016. Trends in glyphosate herbicide use in the United States and 
globally. Environ Sci Eur 28, 3. 
Bonansea, R.I., Filippi, I., Wunderlin, D.A., Marino, D.J.G., Ame, M.V., 2017. The 
Fate of Glyphosate and AMPA in a Freshwater Endorheic Basin: An Ecotoxicological 
Risk Assessment. Toxics 6. 
Cai, W., Ji, Y., Song, X., Guo, H., Han, L., Zhang, F., Liu, X., Zhang, H., Zhu, B., Xu, 
M., 2017. Effects of glyphosate exposure on sperm concentration in rodents: A 
systematic review and meta-analysis. Environ Toxicol Pharmacol 55, 148-155. 
Cardy, R.H., 1991. Sexual dimorphism of the normal rat mammary gland. Vet Pathol 
28, 139-145. 
CASAFE, 2012. Mercado Argentino 2012 de productos fitosanitarios. Camara 
Argentina de Sanidad Agropecuaria y Fertilizantes. KLEFFMANNGROUP Argentina, 
Buenos Aires. 
Cassault-Meyer, E., Gress, S., Seralini, G.E., Galeraud-Denis, I., 2014. An acute 
exposure to glyphosate-based herbicide alters aromatase levels in testis and sperm 
nuclear quality. Environ Toxicol Pharmacol 38, 131-140. 
Connolly, A., Jones, K., Galea, K.S., Basinas, I., Kenny, L., McGowan, P., Coggins, 
M., 2017. Exposure assessment using human biomonitoring for glyphosate and 
fluroxypyr users in amenity horticulture. Int J Hyg Environ Health 220, 1064-1073. 
Dallegrave, E., Mantese, F.D., Oliveira, R.T., Andrade, A.J., Dalsenter, P.R., Langeloh, 
A., 2007. Pre- and postnatal toxicity of the commercial glyphosate formulation in 
Wistar rats. Arch Toxicol 81, 665-673. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
20 
 
Darbre, P.D., 2017. Endocrine Disruptors and Obesity. Curr Obes Rep 6, 18-27. 
Docea, A.O., Gofita, E., Goumenou, M., Calina, D., Rogoveanu, O., Varut, M., Olaru, 
C., Kerasioti, E., Fountoucidou, P., Taitzoglou, I., Zlatian, O., Rakitskii, V.N., 
Hernandez, A.F., Kouretas, D., Tsatsakis, A., 2018. Six months exposure to a real life 
mixture of 13 chemicals' below individual NOAELs induced non monotonic sex-
dependent biochemical and redox status changes in rats. Food Chem Toxicol 115, 470-
481. 
Durando, M., Kass, L., Piva, J., Sonnenschein, C., Soto, A.M., Luque, E.H., Muñoz-de-
Toro, M., 2007. Prenatal bisphenol A exposure induces preneoplastic lesions in the 
mammary gland in Wistar rats. Environ Health Perspect 115, 80-86. 
EFSA, 2017. The 2015 european union report on pesticides residues in food.  EFSA J. 
15, 4791. 
Fendrick, J.L., Raafat, A.M., Haslam, S.Z., 1998. Mammary gland growth and 
development from the postnatal period to postmenopause: ovarian steroid receptor 
ontogeny and regulation in the mouse. J Mammary Gland Biol Neoplasia 3, 7-22. 
Filgo, A.J., Foley, J.F., Puvanesarajah, S., Borde, A.R., Midkiff, B.R., Reed, C.E., 
Chappell, V.A., Alexander, L.B., Borde, P.R., Troester, M.A., Bouknight, S.A., Fenton, 
S.E., 2016. Mammary Gland Evaluation in Juvenile Toxicity Studies: Temporal 
Developmental Patterns in the Male and Female Harlan Sprague-Dawley Rat. Toxicol 
Pathol 44, 1034-1058. 
Goen, T., Schmidt, L., Lichtensteiger, W., Schlumpf, M., 2017. Efficiency control of 
dietary pesticide intake reduction by human biomonitoring. Int J Hyg Environ Health 
220, 254-260. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
21 
 
Guerrero Schimpf, M., Milesi, M.M., Ingaramo, P.I., Luque, E.H., Varayoud, J., 2017. 
Neonatal exposure to a glyphosate based herbicide alters the development of the rat 
uterus. Toxicology 376, 2-14. 
Ingaramo, P.I., Varayoud, J., Milesi, M.M., Guerrero Schimpf, M., Alarcon, R., Muñoz-
de-Toro, M., Luque, E.H., 2017. Neonatal exposure to a glyphosate-based herbicide 
alters uterine decidualization in rats. Reprod Toxicol 73, 87-95. 
Ingaramo, P.I., Varayoud, J., Milesi, M.M., Schimpf, M.G., Muñoz-de-Toro, M., 
Luque, E.H., 2016. Effects of neonatal exposure to a glyphosate-based herbicide on 
female rat reproduction. Reproduction 152, 403-415. 
Kass, L., Durando, M., Altamirano, G.A., Manfroni-Ghibaudo, G.E., Luque, E.H., 
Muñoz-de-Toro, M., 2015. Prenatal Bisphenol A exposure delays the development of 
the male rat mammary gland. Reprod Toxicol 54, 37-46. 
Kass, L., Ramos, J.G., Ortega, H.H., Montes, G.S., Bussmann, L.E., Luque, E.H., 
Muñoz-de-Toro, M., 2001. Relaxin has a minor role in rat mammary gland growth and 
differentiation during pregnancy. Endocrine 15, 263-269. 
Kolla, S., Pokharel, A., Vandenberg, L.N., 2017. The mouse mammary gland as a 
sentinel organ: distinguishing 'control' populations with diverse environmental histories. 
Environ Health 16, 25. 
Kongtip, P., Nankongnab, N., Phupancharoensuk, R., Palarach, C., Sujirarat, D., 
Sangprasert, S., Sermsuk, M., Sawattrakool, N., Woskie, S.R., 2017. Glyphosate and 
Paraquat in Maternal and Fetal Serums in Thai Women. J Agromedicine 22, 282-289. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
22 
 
Kwiatkowska, M., Reszka, E., Wozniak, K., Jablonska, E., Michalowicz, J., Bukowska, 
B., 2017. DNA damage and methylation induced by glyphosate in human peripheral 
blood mononuclear cells (in vitro study). Food Chem Toxicol 105, 93-98. 
Levental, K.R., Yu, H., Kass, L., Lakins, J.N., Egeblad, M., Erler, J.T., Fong, S.F., 
Csiszar, K., Giaccia, A., Weninger, W., Yamauchi, M., Gasser, D.L., Weaver, V.M., 
2009. Matrix crosslinking forces tumor progression by enhancing integrin signaling. 
Cell 139, 891-906. 
Lilla, J.N., Werb, Z., 2010. Mast cells contribute to the stromal microenvironment in 
mammary gland branching morphogenesis. Dev Biol 337, 124-133. 
Lupi, L., Miglioranza, K.S., Aparicio, V.C., Marino, D., Bedmar, F., Wunderlin, D.A., 
2015. Occurrence of glyphosate and AMPA in an agricultural watershed from the 
southeastern region of Argentina. Sci Total Environ 536, 687-694. 
Luque, E.H., Ramos, J.G., Rodriguez, H.A., Muñoz de Toro, M.M., 1996. Dissociation 
in the control of cervical eosinophilic infiltration and collagenolysis at the end of 
pregnancy or after pseudopregnancy in ovariectomized steroid-treated rats. Biol Reprod 
55, 1206-1212. 
Mac Loughlin, T.M., Peluso, L., Marino, D.J.G., 2017. Pesticide impact study in the 
peri-urban horticultural area of Gran La Plata, Argentina. Sci Total Environ 598, 572-
580. 
Mandrup, K., Boberg, J., Isling, L.K., Christiansen, S., Hass, U., 2016. Low-dose 
effects of bisphenol A on mammary gland development in rats. Andrology 4, 673-683. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
23 
 
Mandrup, K.R., Johansson, H.K., Boberg, J., Pedersen, A.S., Mortensen, M.S., 
Jorgensen, J.S., Vinggaard, A.M., Hass, U., 2015. Mixtures of environmentally relevant 
endocrine disrupting chemicals affect mammary gland development in female and male 
rats. Reprod Toxicol 54, 47-57. 
Masso-Welch, P.A., Darcy, K.M., Stangle-Castor, N.C., Ip, M.M., 2000. A 
developmental atlas of rat mammary gland histology. J Mammary Gland Biol Neoplasia 
5, 165-185. 
Mesnage, R., Antoniou, M.N., 2018. Ignoring Adjuvant Toxicity Falsifies the Safety 
Profile of Commercial Pesticides. Front Public Health 5, 361. 
Mesnage, R., Arno, M., Costanzo, M., Malatesta, M., Seralini, G.E., Antoniou, M.N., 
2015a. Transcriptome profile analysis reflects rat liver and kidney damage following 
chronic ultra-low dose Roundup exposure. Environ Health 14, 70. 
Mesnage, R., Bernay, B., Seralini, G.E., 2013. Ethoxylated adjuvants of glyphosate-
based herbicides are active principles of human cell toxicity. Toxicology 313, 122-128. 
Mesnage, R., Defarge, N., Spiroux de Vendomois, J., Seralini, G.E., 2015b. Potential 
toxic effects of glyphosate and its commercial formulations below regulatory limits. 
Food Chem Toxicol 84, 133-153. 
Mesnage, R., Phedonos, A., Biserni, M., Arno, M., Balu, S., Corton, J.C., Ugarte, R., 
Antoniou, M.N., 2017a. Evaluation of estrogen receptor alpha activation by glyphosate-
based herbicide constituents. Food Chem Toxicol 108, 30-42. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
24 
 
Mesnage, R., Renney, G., Seralini, G.E., Ward, M., Antoniou, M.N., 2017b. Multiomics 
reveal non-alcoholic fatty liver disease in rats following chronic exposure to an ultra-
low dose of Roundup herbicide. Sci Rep 7, 39328. 
Milesi, M.M., Alarcon, R., Ramos, J.G., Muñoz-de-Toro, M., Luque, E.H., Varayoud, 
J., 2015. Neonatal exposure to low doses of endosulfan induces implantation failure and 
disrupts uterine functional differentiation at the pre-implantation period in rats. Mol Cell 
Endocrinol 401, 248-259. 
Milesi, M.M., Varayoud, J., Ramos, J.G., Luque, E.H., 2017. Uterine ERalpha 
epigenetic modifications are induced by the endocrine disruptor endosulfan in female 
rats with impaired fertility. Mol Cell Endocrinol 454, 1-11. 
Mills, P.J., Kania-Korwel, I., Fagan, J., McEvoy, L.K., Laughlin, G.A., Barrett-Connor, 
E., 2017. Excretion of the Herbicide Glyphosate in Older Adults Between 1993 and 
2016. JAMA 318, 1610-1611. 
Miousse, I.R., Gomez-Acevedo, H., Sharma, N., Vantrease, J., Hennings, L., Shankar, 
K., Cleves, M.A., Badger, T.M., Ronis, M.J., 2013. Mammary gland morphology and 
gene expression signature of weanling male and female rats following exposure to 
exogenous estradiol. Exp Biol Med (Maywood) 238, 1033-1046. 
Montes, G.S., 1996. Structural biology of the fibres of the collagenous and elastic 
systems. Cell Biol Int 20, 15-27. 
Myers, J.P., Antoniou, M.N., Blumberg, B., Carroll, L., Colborn, T., Everett, L.G., 
Hansen, M., Landrigan, P.J., Lanphear, B.P., Mesnage, R., Vandenberg, L.N., Vom 
Saal, F.S., Welshons, W.V., Benbrook, C.M., 2016. Concerns over use of glyphosate-
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
25 
 
based herbicides and risks associated with exposures: a consensus statement. Environ 
Health 15, 19. 
Nardi, J., Moras, P.B., Koeppe, C., Dallegrave, E., Leal, M.B., Rossato-Grando, L.G., 
2017. Prepubertal subchronic exposure to soy milk and glyphosate leads to endocrine 
disruption. Food Chem Toxicol 100, 247-252. 
Owagboriaye, F.O., Dedeke, G.A., Ademolu, K.O., Olujimi, O.O., Ashidi, J.S., 
Adeyinka, A.A., 2017. Reproductive toxicity of Roundup herbicide exposure in male 
albino rat. Exp Toxicol Pathol 69, 461-468. 
Paine, I.S., Lewis, M.T., 2017. The Terminal End Bud: the Little Engine that Could. J 
Mammary Gland Biol Neoplasia 22, 93-108. 
Parvez, S., Gerona, R.R., Proctor, C., Friesen, M., Ashby, J.L., Reiter, J.L., Lui, Z., 
Winchester, P.D., 2018. Glyphosate exposure in pregnancy and shortened gestational 
length: a prospective Indiana birth cohort study. Environ Health 17, 23. 
Primost, J.E., Marino, D.J.G., Aparicio, V.C., Costa, J.L., Carriquiriborde, P., 2017. 
Glyphosate and AMPA, "pseudo-persistent" pollutants under real-world agricultural 
management practices in the Mesopotamic Pampas agroecosystem, Argentina. Environ 
Pollut 229, 771-779. 
Provenzano, P.P., Inman, D.R., Eliceiri, K.W., Knittel, J.G., Yan, L., Rueden, C.T., 
White, J.G., Keely, P.J., 2008. Collagen density promotes mammary tumor initiation 
and progression. BMC Med 6, 11. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
26 
 
Richard, S., Moslemi, S., Sipahutar, H., Benachour, N., Seralini, G.E., 2005. 
Differential effects of glyphosate and roundup on human placental cells and aromatase. 
Environ Health Perspect 113, 716-720. 
Romano, R.M., Romano, M.A., Bernardi, M.M., Furtado, P.V., Oliveira, C.A., 2010. 
Prepubertal exposure to commercial formulation of the herbicide glyphosate alters 
testosterone levels and testicular morphology. Arch Toxicol 84, 309-317. 
Ronco, A.E., Marino, D.J., Abelando, M., Almada, P., Apartin, C.D., 2016. Water 
quality of the main tributaries of the Parana Basin: glyphosate and AMPA in surface 
water and bottom sediments. Environ Monit Assess 188, 458. 
Rudmann, D.G., Cohen, I.R., Robbins, M.R., Coutant, D.E., Henck, J.W., 2005. 
Androgen dependent mammary gland virilism in rats given the selective estrogen 
receptor modulator LY2066948 hydrochloride. Toxicol Pathol 33, 711-719. 
Russo, J., Russo, I.H., 1996. Experimentally induced mammary tumors in rats. Breast 
Cancer Res Treat 39, 7-20. 
Seralini, G.E., Clair, E., Mesnage, R., Gress, S., Defarge, N., Malatesta, M., Hennequin, 
D., de Vendomois, J.S., 2014. Republished study: long-term toxicity of a Roundup 
herbicide and a Roundup-tolerant genetically modified maize. Environ Sci Eur 26, 14. 
Thongprakaisang, S., Thiantanawat, A., Rangkadilok, N., Suriyo, T., Satayavivad, J., 
2013. Glyphosate induces human breast cancer cells growth via estrogen receptors. 
Food Chem Toxicol 59, 129-136. 
U.S. EPA, 1993. Registration Eligibility Decision (RED) for Glyphosate. 
http://nepis.epa.gov/Exe/ZyPDF.cgi/20000A5T.PDF? Dockey=20000A5T.PDF. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
27 
 
Vandenberg, L.N., Blumberg, B., Antoniou, M.N., Benbrook, C.M., Carroll, L., 
Colborn, T., Everett, L.G., Hansen, M., Landrigan, P.J., Lanphear, B.P., Mesnage, R., 
Vom Saal, F.S., Welshons, W.V., Myers, J.P., 2017. Is it time to reassess current safety 
standards for glyphosate-based herbicides? J Epidemiol Community Health 71, 613-
618. 
Vandenberg, L.N., Schaeberle, C.M., Rubin, B.S., Sonnenschein, C., Soto, A.M., 2013. 
The male mammary gland: a target for the xenoestrogen bisphenol A. Reprod Toxicol 
37, 15-23. 
Varayoud, J., Durando, M., Ramos, J.G., Milesi, M.M., Ingaramo, P.I., Muñoz-de-Toro, 
M., Luque, E.H., 2017. Effects of a glyphosate-based herbicide on the uterus of adult 
ovariectomized rats. Environ Toxicol 32, 1191-1201. 
Varayoud, J., Ramos, J.G., Bosquiazzo, V.L., Muñoz-de-Toro, M., Luque, E.H., 2004. 
Mast cells degranulation affects angiogenesis in the rat uterine cervix during pregnancy. 
Reproduction 127, 379-387. 
 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
28 
 
Figure legends 
Figure 1. Whole mounts and picrosirius-hematoxylin (P&H) images of male mammary 
glands of GBH-exposed pre-pubertal rats. At PND21, GBH-exposed rats showed larger 
mammary glands than control rats and visible terminal end buds (arrows). In addition, 
GBH-exposed rats exhibited a greater connective tissue area surrounding the epithelial 
structures than control rats (arrow heads). LN: lymph nodes.  
Figure 2. Mammary gland development of post-pubertal male rats exposed to GBH. 
Representative images of whole mounts and picrosirius-hematoxylin (P&H) are shown. 
At PND60, GBH-exposed rats showed an increased longitudinal ductal growth and 
number of terminal end buds compared to those of control rats. Also, GBH-exposed rats 
presented ducts and lobuloalveolar structures less dilated than control rats. LN: lymph 
nodes. 
Figure 3. Proliferation index and steroid hormone receptors expression in pre- and post-
pubertal male rats postnatally exposed to GBH. Percentage of (A) proliferation index 
(Ki67), (B) ERS1 and (C) AR-positive cells are shown. Bars represent the mean values 
± SEM of 6-9 male rats/group (*p<0.05; Mann-Whitney U test). (D) At PND60, 
representative images of Ki67, ESR1 and AR expression in mammary ducts. Arrows 
indicate positive cells. Scale bars = 50 µm.  
Figure 4. Mast cells quantification in post-pubertal male rats. (A) Volume density (Vv 
x 100) of mast cells. Bars represent the mean values ± SEM of 6-9 male rats/group 
(*p<0.05; Mann-Whitney U test). (B) Representative images of RMCP-I protein 
expression at PND60. Arrow heads indicate positive mast cells. Scale bars = 50 µm. 
Inset: high magnification view of mast cells in the mammary gland stroma; scale bars = 
25 µm. 
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Table 1. Mammary gland whole mount analysis of male rats exposed to GBH during the 
first week of life. 
  Control  GBH 
PND21     
Total area (mm2)  15.5±3.0  24.2±2.7* 
Perimeter (mm)  13.1±3.5  22.0±1.3* 
Distance between MG No. 4 and No. 5 (mm)  2.3±0.4  2.5±0.4 
TEBs (No.)  4.3±1.4  11.0±2.4* 
     
PND60     
Total area (mm2)  471.3±19.5  490.8±22.0 
Perimeter (mm)  95.2±4.1  97.3±5.8 
Longitudinal growth (mm)   17.1±0.5  18.7±0.6* 
TEBs (No.)  2.8±0.6  5.1±0.8* 
     
Values are expressed as mean ± SEM of 8-10 male rats/group/day. 
MG: mammary gland; TEBs: terminal end buds. 
*p<0.05 (Unpaired t test) 
 
 
 
 
Table 2. Serum concentration of E2 and T in GBH-postnatally exposed pre- and post-
pubertal male rat. 
  Control  GBH 
PND21     
E2 (pg/ml)  27.40±0.98  27.24±2.58 
T (ng/ml)  0.29±0.04  0.26±0.02 
     
PND60     
E2 (pg/ml)  42.75±0.09  36.32±3.48 
T (ng/ml)  2.16±0.35  3.11±0.38 
     
Values are expressed as mean ± SEM of 8-10 male rats/group/day. 
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Highlights 
 
- Postnatal subacute exposure to GBH accelerates mammary gland development 
in male rats 
- GBH augments mast cell infiltration in the mammary stroma of post-pubertal 
males 
- GBH increases mammary gland proliferation and estrogen receptor alpha 
expression in post-pubertal males 
 
